Cream is the main raw material for the butter production and reflects its properties into butter quality. Maturation of cream with appropriate starter culture is important for butter quality, sensory properties and shelf life of the end product. Kefir grains contain important probiotics for healthy nutrition including lactic acid bacteria, acetic acid bacteria, and yeasts in high numbers. The aim of this research was to determine the properties of butter produced using natural kefir culture during a 21-day cold storage. Determination of microbial, chemical and sensory properties of butter samples was carried out. Control sample (KOTE) had 6.64 log CFU g -1 Lactococcus spp. while kefir cultured butter samples had 8.58 log CFU g -1 . Kefir cultured butter contained 5.24 log CFU g -1 L. acidophilus at Day 1, while control samples did not have L. acidophilus. Acetaldehyde content of kefir cultured butter was significantly higher from the uncultured butter. According to sensory evaluation performed by 12 panelists, KKTE samples had better sensory properties than those observed in the KOTE samples.
Introduction
In terms of economic value as well as in terms of nutrition, butter is an important dairy product. Unlike other fats and oils, butter consists of unsaturated monogenic and polyenoic fatty acids and a large number of isomers, as well as low and high molecular fatty acids. In addition, saturated fatty acids with 4, 6 and 8 carbon molecules like butyric, caproic and caprylic acids, and unsaturated acids in butter's structure like oleic and linoleic acids are in liquid form and other fatty acids are in solid form at room temperature. Thus, the presence of essential fatty acids that cannot be synthesized in humans increases the importance of butter. Besides, the fact that butter has fatty acids like butyric acid which does not exist in any other fat, enables butter to have a unique flavour. In butter production, the maturation of cream is generally carried out using a starter culture. The main flavour substances in butter production are diacetyl and acetaldehyde and are usually obtained through bacterial strains like Streptococcus cremoris and Leuconostoc mesenteroides, or their mixtures. Leuconostoc cremoris, S. lactis subsp. diacetylactis are also used for flavour development in butter production (Gajjar et al., 2015) .
First scientific theories on the positive effects of probiotics were developed in the early 1900s by Elie Metchnikoff, a famous immunologist and microbiologist. Metchnikoff stated that negative effects of intestinal microflora could be overcome and thus lifespan of humans could be prolonged by consuming fermented dairy products. Commercial kefir is generally produced with using either kefir starter culture that has very limited microflora compared to unique kefir grain. Bouriie at al. (2016) clarified that health benefits of commercial kefir produced with kefir starter culture have not been performed/ not published. Kefir grains should be considered as a "starter culture mine" whose microbial diversity is not found in any other source. Kefir produced from kefir grains that contain lactic acid bacteria, acetic acid bacteria, and yeasts can be regarded as food containing the most natural probiotics ever known. There has been no publication so far on the production and properties of kefir cultured probiotic butter. The aim of the study is to produce butter with improved probiotic content by using natural kefir culture and to determine microbial, chemical and sensory characteristics within a 21-day cold storage.
Material and methods

Butter production
Raw cream (55 % fat) was provided from Unsüt Dairy Plant, Süleyman Demirel University, Department of Food Engineering (Isparta, Turkey). Kefir culture made from authentic kefir grains was kindly provided from Danem Co., (Suleyman Demirel University TechnoPark, Isparta, Turkey). Butter was produced at Suleyman Demirel University Dairy pilot plant. Starter culture was not used for uncultured butter production (CONTROL). Kefir culture inoculation was 3 % and cultured cream was fermented at 18 °C for 18 h.
Determination of microbial content in butter
Butter samples were homogenized using T25 digital Ultra-Turrax (Germany) and one gram sample was re-suspended in 9 mL sterile peptone water in a stomacher bag. 
Determination of flavour substances
Agilent 7697A Headspace and Agilent 7890A Gas Chromatography with 5975C MS were used for determination of acetaldehyde, ethanol, acetone and diacetyl (Guzel-Seydim et al. 2000a; 2000b) . Injection time was 0.08 min; detector and injector temperature were 200 °C and 180 °C, respectively; withdrawal time was 0.5 min; flow rate was 25 psi (He); pressurize time 0.5 min; needle temperature was 90 °C; thermostat time was 5 min, transfer line was 120 °C; vial oven temperature was 85 °C.
Determination of fatty acid profiles
Derivatization of fatty acid to fatty acid methyl ester (FAME) was prepared according to Ewe and L oo (2016). Determination of fatty acid profile was carried out according to Atasoglu et al. (2009) . FAME was determined using a GC (Agilent 7697A Headspace) system (oven program) with a flame ionization detector (FID) and a HP-5MS (30 m x 250 μm x 0.25 μm). The injector and detector were maintained at 220 °C and 350 °C, respectively. The column temperature was programmed as an initial temperature at 120 °C holding for 2 min, ramping to 150 °C at 5 °C/min for 5 min, 170 °C at 3 °C /min for 4 min and 230 °C at 5 °C/min and holding for 20 min. Helium was used as carrier gas with flow rate at 0.8 mL/min (split ratio: 25:1). Identification of peaks was based on a comparison of retention time with standard FAME.
Colour measurement
L* (whiteness to blackness), a* (redness to greenness) and b* (yellowness to blueness) values of butter samples were determined by using Minolta (Minolta Corp, Ramsey, NJ, USA).
Sensory analysis
Sensory evaluation of cultured and uncultured butter samples was conducted by 12 panelists who were selected from volunteer graduate students and academic staff of the Department of Food Engineering. The panelists (n = 12: 8 women, 4 men, aged 19-46 years old) received a 30-h training session including basic tastes and flavour identification and using a 5-point product specific scale with references ( in sample cups with plastic lids with three digit codes. The panelists were asked to evaluate the colour, appearance, odour, taste, texture (hand), texture (mouth) and overall acceptability, based on a 5 point scale; between like extremely = 5 point and dislike extremely = 1 point (L awless and Heymann 1999; Ertekin and Güzel-Seydim 2010).
Results are expressed as mean values and standard deviation. Different superscripts within a group denote a statistically significant difference (P<0.05).
Statistical analyses
Data analyses were performed using SPSS statistical software Version 22 (SPSS Inc., Chicago, IL). Microbial and chemical data were analyzed using repeated measurement ANOVA. A factorial arrangement was set up to study the influence of two treatment and four storage time using 3 replicates. Tukey A test was performed for group means comparison. P value <0.05 was considered statistically significant for all analysis.
Results and discussion
In this study, two types of butter were produced without a starter culture as a control (KOTE) sample and with a natural kefir culture (KKTE at the 1st day of storage and 8.49 log CFU g -1 and 6.80 log CFU g -1 at the last day of cold storage in kefir cultured butter and uncultured butter, respectively (P<0.05). Microbial counts in both butter samples were significantly (P>0.05) affected by maturation with natural kefir culture whereas cold storage didn't affect microbial content. Ewe and L oo (2016) investigated the effect of cream fermentation on microbiological, physicochemical and rheological properties of Lactobacillus helveticusbutter. They reported that L. helveticus content reduced in cream after churning from 8.67 log CFU g According to our results, higher amounts of lactic acid bacteria were found in butter samples. L. acidophilus, Bifidobacterium spp. and yeasts were present in kefir-cultured butter while KOTE sample did not contain any of those microorganisms (P<0.05). The slight decrease in Bifidobacterium spp. was noted in kefir cultured butter sample during the cold storage period (P<0.05). Kefir produced from kefir grains contained yeasts, mainly Saccharomyces spp. and Kluyveromyces spp., and therefore it was obvious that yeast in kefir culture propagated in cream during maturation. The presence of lactic acid bacteria, L. acidophilus, Bifidobacterium spp. and yeasts are characteristic to kefir grain microflora (Kok Tas et al., 2011; Bourrie et al., 2016) implicated that microflora in natural kefir culture was able to develop properly in cream that was used in butter production. Ekinci et al. (2008) determined the effects of using various probiotic bacteria (L. acidophilus, B. bifidum, S. thermophilus and L. bulgaricus, P. thoenii (jensenii) P126, and P. jensenii B1264 and a mixed culture of L. acidophilus, B. bifidum, S. thermophilus and L. bulgaricus) on the fatty acid profiles of creams; the microbial results of this study were similar to our results and verified that fermented cream contained high amounts of microorganisms.
The chemical composition of butter samples during storage period are presented in Table 2 .
The pH values of kefir cultured butters (KKTE) were 4.78 and 4.12 at the first and the last storage day, respectively. However, pH values of uncultured butter samples (KOTE) were 6.29 and 5.51 at the first and last storage day (P<0.05), respectively. Since cultured butter had microbial activity due to kefir culture inoculation, the microflora used the lactose for lactic acid production. pH decrease was insignificant for both cultured and uncultured butters (P>0.05). During cold storage. Acid values (mg KOH/1 g of fat) of KKTE sample changed between 0.83 and 0.91 mg KOH/1 g of fat while the titration values of KOTE samples changed between 0.54 and 0.61 mg KOH/1 g of fat (P<0.05). Acid values of both samples increased (P>0.05) during storage. Ewe and L oo (2016) reported similar results since acid values increased from 1.22 mg/g fat in control cream sample to 1.77 mg/g fat in fermented cream, respectively. Koczon et al. (2008) reported that acid values of unfermented butters with 82 % fat increased from 0.450 to 2.92 during eight-week storage. The occurrence of a slight increase in acidity in control butter sample during storage resulted from its own natural flora. Thermophilic lactic acid bacteria and natural enzymes could be involved since the cream was pasteurized. Fat contents were determined as 85 % and dry matter contents were determined as 89 % regardless of if the kefir culture were used in butter samples or not ( Table 2) . Formation of important metabolic products such as acetaldehyde, diacetyl, and acetone occur during fermentation. Kefir culture has potential to produce significant content of acetaldehyde, acetone, and ethanol due to the high content of lactic acid bacteria and yeasts. The main aromatic compound in butter is diacetyl; however, in the samples diacetyl content was not determined (Table 3 ).
The amount of acetaldehyde in butter samples at the 1 st day was 0.095 mg/kg in kefir cultured butter and 0.055 mg/kg in KOTE sample (P<0.05). Beshkova et al. (2002) determined the acetaldehyde content of kefir after fermentation as 18.1 mg/L, and in it was determined as 15.27 mg/L at the 7 th day. Güzel-Seydim et al. (2000) determined the amount of acetaldehyde in the 21 st day as 11 mg/L in their studies. Ertekin and Güzel-Seydim (2010) identified a decrease for acetaldehyde for the 1 st and 7 th days from 5.84 to 2.89 mg/L. It was expected that the amount of acetaldehyde would not be as high as in butter samples as in kefir. However, the positive effect of kefir culture on flavour components was noted from the amount of acetaldehyde that occurs even in low concentration. Acetone contents of cultured and uncultured butters were 1.40 and 0.44 mg/kg, respectively. Table 1 . It was noticed that low carbon fatty acids such as butyric, caproic and caprylic, were significantly lowered in kefir cultured butters which may be associated to the lower carbon aromatic compound formation (P<0.05). Ewe and Loo (2016) reported that fermented (L. helveticus) butter contained higher health beneficial unsaturated fatty acids than the control butters and thus product became softer; in our study kefir cultured butters had also higher amounts of behenic, heneicosanoic and eicosadienoic acids. Probiotic bacteria were found to be able to synthesize the unsaturated fatty acids during fermentation (Guzel-Seydim et al. Colour measurements of butter samples that were carried out according to CIE L*, a* and b* colour system are shown in Table 4 . According to results of the colour analysis, there was not a significant difference between the averages of L* values in the samples during storage (P>0.05). Cultured and uncultured butter samples were evaluated in terms of colour, appearance, aroma, consistency, texture and flavour characteristics (Figure 2) Consistency scores were 4.50-4.38 and 4.13-3.75 in fermented and control butter samples, respectively. Similar to our consistency scores, Ewe and L oo (2016) noted that fermented butter was softer than the control sample due to changes in fatty acid composition during fermentation. Texture scores were 4.25-4.08 and 4.00-3.38 in fermented and control butter samples, respectively. Flavour scores were 4.58-3.83 and 4.00-3.08 in fermented and control butter samples, respectively (P<0.05). All sensory parameters of kefir cultured butter at each storage day were more desirable than the uncultured butter (P<0.05).
Conclusions
In this study, kefir cultured butter had unique microbial and sensorial characteristics. Fermentation of cream affected the microflora and composition of fatty acids; thus flavour composition that made the product more delicious and softer. Kefir grains could be used as a natural starter culture for butter.
